Abstract.
Soil C and N dynamics were studied in a sequence of old fields of increasing age to determine how these biogeochemical cycles change during secondary succession. In addition, three different late-successional forests were studied to represent possible "steady state" conditions. Surface soil samples collected from the fields and forests were analyzed for total C, H,O-soluble C, total N, potential net N mineralization, potential net nitrification, and microbial biomass. Aboveand belowground plant biomass was estimated within each of the old field sites.
Temporal changes in soil organic C, total N and total plant biomass were best described by a gamma function [y = at* ecrd + f] whereas a simple exponential model [y = a(1 -em*') + c] provided the best fit to changes in H,O-soluble C, C:N ratio, microbial C, and microbial N. Potential N mineralization and nitrification linearly increased with field age; however, rates were variable among the fields. Microbial biomass was highly correlated to soil C and N pools and well correlated to the standing crop of plant biomass. In turn, plant biomass was highly correlated to pools and rates of N cycling.
Introduction
Carbon (C) and nitrogen (N) cycles within terrestrial ecosystems are intimately linked through patterns of plant and microbial activity. Plant productivity is often limited by the rate at which microbes liberate ammonium (NH:) from soil organic matter; a limitation that has been studied within numerous ecosystems. In turn, microbial growth within the soil is often constrained by the quantity of labile C (Grey & Williams 1971) supplied through the above-and belowground production of plant litter. The common limitation of N for plant growth and C for microbial growth suggests that temporal patterns of plant and microbial activity should be closely related.
Old-field succession sometimes begins on nutrient poor soils that are low in organic matter (Odum 1960; Gay & Dwyer 1965; Golley 1965; Monk & Gabrielson 1985; Inouye et al. 1987; Tilman 1987) . For example, N contents of forest and prairie soils are often twice those of recently abandoned agricultural fields in east-central Minnesota (Inouye et al. 1987; Pastor et al. 1987) . As a result, the composition and productivity of seral plant communities in this region are often limited by quantities of soil N (Inouye et al. 1987; Tilman 1986 Tilman , 1987 . Although N availability can restrict plant productivity, total soil N gradually increases during secondary succession (Inouye et al. 1987) accompanied by a concomitant increase in N mineralization (Pastor et al. 1987) . Within N-limited ecosystems, microbial biomass dynamics should be highly correlated to patterns of plant growth because plant production provides the primary substrate for heterotrophic metabolism.
Several models have been used to describe changes in ecosystem dynamics during secondary succession (Odum 1969; Botkin et al. 1972; Bormann & Likens 1979; Gorham et al. 1979; Covington 1981; Peet 1981; Pastor & Post 1986) . Most functions predicting changes in ecosystem production and nutrient accrual show a relatively linear increase after disturbance, followed by a saturation or a "dynamic steady-state" condition late in secondary succession. Although numerous studies have investigated temporal patterns of primary production and nutrients, few have focused on the processes regulating microbial biomass within the soil (Insam & Domsch 1988) .
We hypothesized that accrual of plant and microbial biomass are highly correlated during secondary succession because of the reciprocal nature of C and N cycles (Pastor & Post 1986) . We reasoned that low rates of plant production and high rates of decomposition should cause soil organic C and N to decline early in secondary succession, accrue during mid-sucesssion when production exceeds decomposition, and reach an equilibrium when rates are equivalent late in secondary succession (Covington 198 1). Therefore, the "carrying capacity" of the soil for microbial biomass (van Veen et al. 1985) should directly reflect this pattern because heterotrophic growth is contingent on C inputs from plant production. To test this, we determined pools and fluxes of C and N, along with plant and microbial biomass, in an old-field chronosequence where plant production is limited by N availability. In addition, we studied three forests to compare soil C and N dynamics of relatively late successional ecosystems with those of the old fields; we considered the forests to represent possible "steady state" conditions.
Methods

Study site
The Cedar Creek Natural History Area (CCNHA) is located approximately 50 km north of Minneapolis, Minnesota in east-central Minnesota. The climate
